We report the results of two Chandra ACIS-S observations from February and August 2003 of the highly X-ray variable Narrow-Line Seyfert 1 galaxy RX J2217.9-5941. Observations spanning the time from the ROSAT All Sky Survey (RASS) through an ASCA observation in 1998 indicate apparently monotonically decreasing flux by a factor of 30. The Chandra observations reveal increased emission over that seen in ASCA, supporting a persistent variability rather than an X-ray outburst event. However, the cause of the strong X-ray variability remains unclear. Our Chandra observations confirm the steep soft X-ray spectrum in the 0.2-2.0 keV band found during the ROSAT All-Sky Survey observation (α X =2.7). The spectral shape of the source appears to be variable with the spectrum becoming softer when the source becomes fainter. Best fitting models to the data include an absorbed broken power law, a blackbody plus power law, and a power law with partial covering absorption. The latter model suggests a variable partial-covering absorber in the line of sight which can explain in part the variability seen in RX J2217.9-5941. We suggest that there might be a population of Narrow Line Seyfert 1 galaxies which are at least at times highly absorbed.
Introduction
With the launch of the X-ray satellite ROSAT (Trümper 1982 ) the X-ray energy range down to 0.1 keV became accessible for the first time. During its half-year ROSAT All-Sky Survey (RASS, Voges et al. (1999) ) a large number of sources with steep X-ray spectra were detected (Thomas et al. (1998) ; Beuermann et al. (1999) ; Schwope et al. (2000) ). About one third to one half of these sources are AGN. Grupe (1996) and Grupe et al. (1998a Grupe et al. ( , 2004b found that about 50% of bright soft X-ray selected AGN are Narrow-Line Seyfert 1 galaxies (NLS1s). These sources were originally defined by their optical properties (Osterbrock & Pogge (1985) ; Goodrich (1989) ) and they turned out to be the class of AGN with the steepest X-ray spectra (e.g. Boller et al. (1996) ; Grupe (1996) ; Grupe et al. (1998a) ; Vaughan et al. (2001) ; Grupe et al. (2004b) ; Williams et al. (2003) ). NLS1s are not only AGN with extreme observed properties which are linked together with the Boroson & Green (1992) Eigenvector 1 relation, they are also sources with extreme X-ray variability (e.g. Boller et al. (1996 Boller et al. ( , 1997 ; Leighly (1999) ; Grupe et al. (2004b) . The most extreme case of X-ray variability found among galactic nuclei is X-ray transience (e.g. Gezari et al. (2003) ; Komossa (2002) ; Komossa et al. (2004) ; Donley et al. (2002) ; Vaughan et al. (2004) ; ) in which a source appears bright in the X-ray sky only once and becomes very faint by factors of up to several thousand in later years. In the case of X-ray outbursts seen in inactive galaxies such as RX J1624.9+7554 (Grupe et al. 1999a; Halpern et al. 2004) , RX J1242.6-1119 (Komossa & Greiner 1999; Komossa et al. 2004) , and RX J1420+5334 (Greiner et al. 2000 ) the most plausible explanation is the tidal-disruption-of-a-star scenario as suggested by Frank & Rees (1976) and Rees (1988) . In the case of the outburst observed in the Seyfert 2 or 1.9 galaxy (Komossa & Bade 1999 ) IC 3599 (Grupe et al. 1995a; Brandt et al. 1995 ) the nuclear activity in this source suggests that besides the tidal disruption of a star scenario, it could as well be an instability in the accretion disk that caused the dramatic increase in the Xray flux. The situation is somewhat different in the NLS1 WPVS 007 (Grupe et al. 1995b) . Here the X-ray flux during the RASS agreed with that expected from its optical flux. However, the source almost vanished from the X-ray sky in later HRI and Chandra observations (Grupe et al. (2001a) and Vaughan et al. (2004) , respectively). Possible explanations of this behavior are a change in the accretion disk corona temperature (Grupe et al. 1995b ) or a variable absorber in the line of sight.
ROSAT and ASCA observations of the NLS1 RX J2217.9-5941 (α 2000 =22h17m56.6s, δ 2000 = −59
• 41 ′ 30.2 ′′ , z=0.160) have shown this source is highly variable in X-rays (Grupe et al. 2001a; Grupe et al. 2001b) . It was rather bright during the RASS with a count rate of CR=0.83 cts s −1 in ROSAT's Position Sensitive Proportional Counter (PSPC, Pfeffermann et al. (1987) ) and its X-ray loudness α ox 1 of RX J2217.9-5941 dur-1 αox is the slope of a hypothetical power-law from 2500 A to 2 keV; αox=0.384log (L 2500 /L 2keV )
ing the RASS agreed well with the value of Yuan et al. (1998) for objects of the same luminosity and redshift. After the RASS the source flux dramatically decreased by factors of about 30 in later ROSAT High Resolution Imager (HRI) and ASCA observations. Grupe et al. (2001b) suggested that the X-ray variability RX J2217.9-5941 could be explained by a) persistent variability, which is supported by the α ox during the RASS, b) a variable absorber, c) an X-ray outburst such as seen in IC 3599, or d) that RX J2217.9-5941 is an X-ray transient candidate, similar to the NLS1 WPVS 007. In order to test this hypotheses we performed two 5ks ACIS-S observations with Chandra during guaranteed time observation time granted to the Max-Planck-Institute für extraterrestrische Physik in February and August 2003. The outline of this paper is as follows: in § 2 we describe the Chandra observations and the data reduction, in § 3 we present the results of the temporal and spectral analysis, and in § 4 we discuss possible origins of the variability observed in RX J2217.9-5941. Throughout the paper spectral indexes are denoted as energy spectral indexes with F ν ∝ ν −α . Luminosities are calculated assuming a Hubble constant of H 0 =75 km s −1 Mpc −1 and a deceleration parameter of q 0 = 0.0. All errors given in this paper refer to 1σ errors.
Observations
RX J2217.9-5941 was observed by Chandra on 2003-02-23 19:42 -21:41 (UT) and 2003-08-16 18:38 -20 :25 (UT) for 4.7 and 5.1 ks with the back-illuminated ACIS-S CCD chip S3. The observations were performed in the Faint Mode with the standard frame time of 3.2s. Source photons were collected in a circular region with a radius r=3 ′′ and background photons in an annulus with an inner radius r=4.3
′′ and an outer radius r=12 ′′ . Spectra were extracted from the primary event files with CIAO version 3.0.2 and analyzed using XSPEC 11.2. The calibration database used was CALDB version 2.25. The response matrices and auxiliary response file for the effective area were created with the CIAO tasks mkrmf and mkarf. The effective areas were corrected by the task apply acis corr in order to correct for contamination of a lubricant on the ACIS entrance window. The spectroscopic data were rebinned by GRPPHA to have least 20 photons per bin. For count rate conversion between the different X-ray missions, PIMMS 3.2 was used.
Results

Source position
Chandra's superior pointing accuracy and its spatial resolution enables us to measure the most accurate source position compared with other Xray missions. From the February 2003 observation of RX J2217.9-5941 we measured the source positions to be α 2000 = 22 h 17 m 56.63 s and δ 2000 = −59
• 41 ′ 31.2 ′′ consistent within 1 ′′ the results of our HRI observation (Grupe et al. 2001b ).
X-ray variability
The mean ACIS-S count rate in the 0.5-7.2 keV band during the We used the hardness ratio to look for spectral variability between the observations. For our purpose we define the hardness ratio as HR=(H-S)/H+S) with the counts S in the soft band in the 0.5-1.0 keV and hard counts H in the 1.0-2.0 keV energy ranges. We used this particular definition to avoid any contribution in the February 2003 spectrum from a possible mis-calibration around 2.3 keV (see §3.3). Using this definition of the hardness ratio we found HR=-0.205±0.081 and HR=-0.492±0.092 during the February and August 2003 observation, respectively, suggesting a change in the X-ray spectrum in about half a year. The spectrum became softer with decreasing count rate. Note that also pileup causes the raw spectrum to become flatter. Because the February 2003 data are affected by pileup and the August data are not this could cause in part the variability we observe. However, an independent test is to fit the February and August data simultaneous and check for changes in the normalization of the blackbody and power law spectra. This test confirms the spectral variability as we will discuss this point in § 3.3.
Spectral analysis
At first we fitted an XSPEC power law model only to the data in the 0.5-2.0 observed energy range to be consistent with the ROSAT PSPC range. The results of these power law fits are listed in Table 1 . In the February 2003 observation, the XSPEC PILEUP model of Davis (2001) is needed to model the spectrum correctly. This model takes into account the fact that the count rate of this object is sufficiently high that more than one photon is obtained in a single pixel during the nominal frame time of 3.2 seconds. This causes a change in the grades by a grade morphing parameter α which determines the number of 'good grades' (see for details) by number of good grades = α (P−1) where P is the number of piled up photons. For the August 2003 observation the count rate was low enough not to be significantly affected by pileup. Table 1 . Both observations confirm the steep X-ray spectrum of α X =2.7 that was found during the RASS observation (Grupe et al. 2001b) .
The spectra become more complicated towards higher energies (Figure 3 ). For both observations simple power law models do not provide acceptable fits (Table 1) . The spectra were fitted with power law models with the X-ray spectral index left free and fixed to the value determined in the 0.5-2.0 keV range. In all cases the spectra show a flattening towards higher X-ray energies. In a first approach to fit these spectra we used a broken power law with the absorption parameter fixed to the Galactic value. This model results in acceptable fits with a soft X-ray spectral index of α X =2.58±0.61 and 3.55±0.30 for the February and August 2003 data, respectively (Table 1) . This model suggests a soft X-ray excess above a hard X-ray spectrum with a flatter spectral index of α X ≈1.0.
A partial-covering absorber can also potentially explain a flattening of the spectrum toward higher energies. This model has been successfully applied to the XMM data of several NLS1s (e.g. Boller et al. (2002 Boller et al. ( , 2003 and Grupe et al. (2004c) ). Applying a partial-covering absorber to the spectra of RX J2217.9-5941 also gives acceptable fits. A partial-covering absorber is also able to explain the variability observed in RX J2217.9-5941. However, one has to keep in mind that the quality especially of the August 2003 data do not allow constraint of the partial-covering absorber parameters, particularly when the X-ray slope is free to vary. The X-ray spectra from NLS1s are also frequently parameterized using a blackbody plus power law spectrum (e.g. Leighly (1999) ). However, this model does not improve the fits to the data (Table 1 ). In addition, we fitted the February and August 2003 spectra simultaneously in XSPEC (Table 1) . While a simple power law model fails (left panel in Figure 4 ) a partial-covering absorber model and a blackbody plus power law model result in acceptable fits (right panel in Figure 4 ).
As mentioned in § 3.2 there seems to be a change in the hardness ratios between the February and August data. In order to check whether this is real or just the effects of pileup we used the simultaneous fit to both data sets in XSPEC by applying a blackbody plus power law fit to the data as given in Table 1 . The blackbody temperature and the power law index were fixed and the normalizations were left free. The changes in the normalization agree with results from the changes in the hardness ratios: While the normalization of the blackbody of the soft X-ray part decreases by a factor of about 2 between February and August 2003, the normalization of the power law decreased by a factor of about 5. Also the ratio between the power law and blackbody spectra was about 7 in the February 2003 observation and 3 during the August observation, suggesting also that the spectrum became softer when the source it became fainter. An additional test to check for possible spectral variability is to tie the normalizations of either the power law or the blackbody, and determine which improves the fit the most when either normalization is left as a free parameter in each data set. When the normalization of the blackbody spectrum is left free and the power law normalization is ties that fit with the parameters given in table 1 gives χ 2 /ν=124/37. When on the other hand the power law normalization is left free and the blackbody normalization is tied the fits results in χ 2 /ν=75/37. The fit significantly improves when the power law normalization is left free. FTEST results in an FTEST parameter = 23.5 with a probability of 2×10 −5 that the result is random.
The February 2003 data ( Figure 3 ) show strong residuals around 2.3 keV. This feature can be modeled by a Gaussian line which significantly improves the fit. An F-test in XSPEC results in an F statistics value 2.43 with a probability P=0.1 of a random result. Nevertheless the existence of a real emission line at this energy is rather uncertain. Aldcroft et al. (2003) reported a similar feature in their Chandra ACIS-S spectrum of 3C212 and concluded that the 'line' is most likely instrumental nature. The August 2003 do not provide enough statistics to confirm this feature.
Discussion
The main aspect of monitoring the NLS1 RX J2217.9-5941 with Chandra was to investigate whether the source is an X-ray transient AGN, such as WPVS 007 (Grupe et al. 1995b) , or if it is simply a highly variable source that was observed in a bright state during the RASS and in fainter states in later ROSAT HRI and ASCA observations. Our new Chandra ACIS-S observations favor the latter scenario and support one of the speculations of Grupe et al. (2001b) that the variability found in RX J2217.9-5941 is most likely persistent. There is no indication from the Chandra observations that RX J2217.9-5941 is an X-ray transient AGN. Nevertheless the question remains open why the source has been seen only in faint states in all X-ray observations following the RASS. The X-ray loudness of RX J2217.9-5941 during the RASS was α ox =1.52 (Grupe et al. 2001b ) and agrees perfectly with the α ox given by Yuan et al. (1998) for radio-quiet AGN with similar redshifts and luminosities as RX J2217.9-5941 which also supports the persistent variability nature of the source. This α ox suggests also that the X-ray flux measured during the RASS is the 'normal', expected flux. Compared with the RASS observation, during the HRI and ASCA observations the optical to X-ray slope dropped to α ox =2.0. The optical spectra of RX J2217.9-5941 taken between 1992 and 1998 (Grupe et al. 2001b ) do not suggest any optical variability.
The remaining question about RX J2217.9-5941 is what causes the X-ray variability. There are two possible explanations, 1) intrinsic variability or 2) a variable cold absorber in the line of sight. It has been suggested by e.g. Abrassart & Czerny (2000) that clouds of neutral matter in the line of sight may cause the variability observed in X-ray in AGN. A simple cold absorber of neutral gas can cause the count rate to decrease as observed between the RASS and the pointed HRI observation in 1997 and 1998. Assuming the intrinsic spectrum did not change, it requires an absorption column of neutral gas of 8× 10 20 cm −2 to account for the HRI count rate observed in 1997 and a column density of about 9× 10 21 cm −2 to explain the second HRI observation assuming the intrinsic luminosity has not changed.
We also found in § 3.2 that RX J2217.9-5941 is not only variable in flux, but also in its spectral shape. While in most AGN the soft X-ray part of the spectrum is commonly more variable than the hard X-ray part (e.g. Gallo et al. (2004a) in RX J2217.9-5941 it is its hard X-ray part that varies stronger. Even though this is unusual, it is not unobserved in NLS1s: e.g. RX J0134.2-4258 (Grupe et al. 2000) or 1H 0707-495 (Gallo et al. 2004b ). In the case of RX J0134.2-4258 Grupe et al. (2000) excluded a warm absorber as the explanation for these findings 2 , but discussed a change in the accretion disk corona as a possible explanation. Recently Wang et al. (2004) found that the corona becomes weak when the Eddington ratio increases. As a result the hard X-ray flux decreases with regards to the bolometric luminosity. This model may also explain the spectral behavior of RX J2217.9-5941, but for the current data it is not possible to draw final conclusions.
As an alternative the source can be intrinsically absorbed and this absorber is variable. Most likely this absorber is a partial-covering absorber that blocks most of the X-rays but has 'leaks' either through parts of much lower column density in the absorber or by scattering (e.g. Grupe et al. (2004c) ). In the case of 1H 0707-495 Boller et al. (2002) and Tanaka et al. (2004) explained the Xray spectrum by a partial-covering absorber which can explain the spectral variability in this source (Gallo et al. 2004b) which is similar to what we found in RX J2217.9-5941. Even though we can not put constraints on the absorber parameters the 0.5-7.2 February 2003 and 0.5-3.5 keV August 2003 data can be fitted by a power law model with partial-covering absorber, suggesting that the variability at least in part maybe due to a variable partial covering absorber in the line of sight. When using partial-covering models as listed in Table 1 the unabsorbed fluxes in both observations are practically the same with rest frame fluxes of log F 0.5−3.5keV =-14.2 [W m
−2 ]. A partial-covering absorber may also be responsible for the X-ray transience found in the NLS1 WPVS 007 and might explain why no hard X-ray photons have been observed in this peculiar source (Grupe et al. 1995b ). This raises the question if there is a population of NLS1s which is at least at times highly absorbed in X-rays. This hypothesis is supported by the findings of Williams et al. (2003) who studied 150 NLS1s selected from the Sloan Digital Sky Survey (SDSS, York et al. (2000) ) and found that 10-20 sources were not detected by ROSAT. Their optical spectra did not show any differences to those of X-ray selected NLS1s. From Chandra follow-up observations of 17 of these sources, Williams et al. (2004) suggest that there is a population of NLS1s which are either intrinsically X-ray weak or are absorbed. The composite spectrum of Williams et al. (2004) does not show signs of intrinsic absorption, but the quality of these snap-shot Chandra observations did not allow any detailed spectral analysis in particular to check for the presence of a partialcovering absorber. The Williams et al. (2004) sample requires longer observation with XMM in order to constrain the absorber properties of these NLS1s.
In order to investigate the cause of the strong and persistent X-ray variability in the NLS1 RX J2217.9-5941 in more detail and put constraints on the absorber parameters the source has to be observed in a longer observation with XMM which provides spectral capacities to energies as low as 0.15 keV (c.f Haberl et al. (2003) ).
Conclusions
We presented the results of two Chandra ACIS-S observations of the NLS1 RX J2217.9-5941 and found:
• The source remains faint, but on a similar level as during the 1997 and 1998 ROSAT HRI observations.
• This result supports the hypothesis that the source is not an X-ray transient AGN and the variability is persistent.
• The variability observed in RX J2217.9-5941 may be intrinsic, or it may be due to a variable partial-covering absorber.
• There may be a population of NLS1s which is at times highly absorbed and absorption maybe more important to explain the X-ray variability in AGN than previously thought. Some of the effects we observe maybe simply 'weather'.
• Longer X-ray observations preferentially with XMM are needed to investigate the cause of the strong X-ray variability of RX J2217.9-5941 and to put constrains on the absorber properties.
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